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 fmmerbenee of the srobles, 4 bnewledss of the

soredynesie losding on the wing of on elvplans Sz reonised
for the strese anglyelisz of the wing ot fov the praliebiom
of the Tlring wuelitles of the slvplasc. Frporlzembel
Setornineblion of Shls loadinzy fs wowy todioue and il rosorked
b in very few capen. Hetlslenbory theorebisel metheds fop
the salevlieblion of 4he prepwiee 1A0% dlstrivublion oo the
wing alone bave bosn developed, but the probles of prediob
fng the effeet of the fuselage oo the spaawlse 140% distvris
wablon om the wling hes not beon splved. Izpoviencs hag
indlesteld Whet thie «ffoet tewds %o be small ot low sugleg-
sfentbnok, and, Uor the lsok of sy betiewr lnforsebion, 1%

is upuslly neglenbed. However, velloesents 1o e nethels
of stress anslynis plave o premlum on the sosurebe pradlisblon
of the seredynemis loading applied to the wing, @b henoe

& the elfecte of the fuselegy on Yoet losding. Ales, In

the osse of swent wims theve ere lnllecstions Theb the

affonty »f the fvedlisge oo the spupmlise 110t latelibeblon



&
of the wisg are et s sesll se in the oase of unewept
wings. Conseguently, develowmnt ol & theopabionl metiod for
mreiieting Yhese affeaks Lo wopy desiveble 8% this biee. e
gounieais In Shis paper Lg Tor Yow aese of Insopovessibis

From, hoesver the treabeend of eoppressibiliity offect iz

imdtonted in

ihenbar ¥,

siters the Tlow obout bthe wine on whieh 1% iz mowmbed in
she following wayss
{1} The fuseloge teuses au insrense In the longibuilinel
velosity in the viainity of the wing., Thisp ¢ffsst
35 nerelinufter referred 4o sz the "inllow effseb,”
{2} 1r the funelase 1o ot oy saplo-ol-abbooh relobtive
b the fres stonn 1% chenges the Ulow aboul
e wing in plenss norusl to he fres ahoeum.
Trie effent iz borolinelter reforrsd Yo se the
®aponafiow offeot.”
{2} The Tueelege bes o Diotklng affaest, sloue Yhers
eam be we Dlow sowesl S0 1t suprlest.
Toe koflow effeet wideh iz 2 rosult of the fiolbe

longth of the Poselege covses on ivorense In the dwmnenie
grasgure In the vielnlly of Y wing wyyl, honee, oo lnovopos
in Yhe L17% on e wing. Thisz loovesss lo oot levge for s
slonder fuselsaze bub way be lsporbant when She fuselsne is

polatively thlek, 2o Sheb 4% saueos o oubptantial inorenns
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in the local looglbodlioanl veloeley. Popr the BREE TEBBG
tnis effeont zay b loporiant for ¢ wisg-neselle sobloetlion.
Homevey, & loevesss i 10t sar be sEposted only i e
gonPiguretion o sevedynenienlly elenny in the gsse of &
voorly streaniined neselle attechsd %o o thick wiag, fop
wrarole, the 180t nsar the Juneiure ney be @%ﬁ%ﬁ%ﬁ fon W0
e turbnlenes in bheb reglen.

The orosellow ocwused by the fuoselege changes the
supmpanent of fres-pbresn veloelby neresl to the fuselage
axis, sodl alze affouts the dowsmwash flow prodused by the
wings In caloulebizg the erosefliow offect 1% i ssaw

iz thiz paper thed the flav in plaves noresl %o the Duselage
sris iz two-dimensionsl.

he blosking effeet of the fuweelsge ie slways prpaend
swen 16 the Pfuselsge 1o apn lnfinite evilioder alizned with
the free stvess in enich onse the other tws effeots are

nut prasent.

oD

AN CUVBIISHED TH THIED VaPR

1¥. &L0OPFE OF THE PRUEL

ferebure. Outliines sre prosented

wien of Gae 33
Ghapter II of the avalleble theoretivsl methode lor selewlal~
gl the
velosity dletwibublon on bodles of vewslubion, mines these

ing the spenwise 110% dlstribution on winge alone

mothods form the basliz for suth of the vork on wlug-Tugeliage



s

nklong, Ineluwlling thet presented baveln. ihin
haghkoroun? saberisl iz prerenied For e sake of complieboe-
neze snd ey be wltted by the renler who s fanillsy with
the mebbods Seporibed.
In adiitlion %o the oubllne of the methuds for trestling
e wing elone sl bw foselags slone, tws lnportsnt aulne
tiome for ﬁigﬁiy*ﬁﬁ%&%im@ﬁ wing-Taselage eodinebione ape
fipoussed in Uhapker Tis
(1) iemmerts? anslysier snd Vendrerts sovroobion™
bo Leoonerts® auslvels of the problies of &
fuselage roprosented by & srhers and o wing
roprestnbted by an Lafinite worbor of consbandg
phrensihe
{2) Legwerts' soelysle of & fusslege veprssenied by
an infinlte oylinder with the exle sligned
with the free atvess and & wing peprsssnted
by an infinlte vovrtez of consbent shrangib.
The relation of thess ldeslized solutionz %o the solublons

Tog resl winge-fuoselags cobingtione lg digovssel. Those

 S————

&;’? % g%ﬁ??

zogenueltiren Tinitiase
LR sRPLIOPEeINnG, S0
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- bdeslized golublone ave siown Yo be wselul In Judslung vhab
govrs of lnborference elfonts 498 %0 Lo 2Epesbad.
Tn the lzph pert of Chapber 17 threr previously

desoribed wotinds for polving preobliosl wlnp-lody

rPoblens,
the Liniiablione of Yheee methode gt thelr melstion bo Ybhe

ansiyeizr of the prosent Dapdy are dlsowseed. In ihis

sonnesibion Yissslsborgerts wothodd for eploulabing the
gpemmine 1100 dletriteiion oo 2 ving-naevlle cubimeition
ig presented, and 4% is shown how negleost of the Inflow
effent in hizg aoelvele 2en lend Yo rosulis thel are nod
gonsintent with esperizentel date. It 1z noted also vy
Euithoppta m@%h@ﬁ% of salewlebing the LL0% dlsteibuiion oo
g wing stbeshed %o o fuselesy of infirnlte lensth f2 sulteble
puly to wngwent wings of aoderabe popoet rabls and why ithe
galenlabions mads welng Vulthopp's metbod zive sooP SUF00e
wank wiith gxperizentel resulds. Ploelly, Soveller’s
solutlon® for the wing-fussloge eonlipuwretlion having an

ﬁgw Jiﬁ%ﬁ%&%ﬁ?ﬁ@@@ g
Eokarzondeln suf dis Lu'd

..............

%%§?§§%§E§@ {Trom 4, ¢ g&J@%&ﬁ@; &@ﬁ@&fﬁ&@&% m@ﬁ&@gﬁ %&zg ¥,
§3@ = E

&%ﬁ Euvlithepr, Lup 8
Eﬁﬁﬁf@%ﬁ%ﬁ@?@%ﬁﬁﬁﬁ% e ity LBPOR £
{spanaleblion Hals T.¥. Hos 30%65,




stpest Patle appresching sers iu presented snd its

spplieation %o We woslysle of tnle paper ie Alscusands

ine 3ifn
in dhepber L1

& new meghed for celsulating the effects of the fuselsgs

%

the spapwlisy 117t dlztribuiion oo & wing iz devliesd In e
%ﬁﬁﬁ@%@% Imtnitive fashion frow Pulthorsts oethods Thise
mathad eonaiste of the arplicetion o8 & sonforml naming
pronedure to the sleplified 1i0tling supfsce wary. 1% iz
ghown thet a8 loy aples-of-atiagh Yo peothod goos % e
theoreblioslly corvest Linit for the visg-fuselane confisurte
Siom heving o wiog of wery lov nspeet radtle and for the
whap-fuselaoge ovnlizuretion bavivg g wing of Infinite
appest Pebin. The methed Iz sppllicsbly o any ving-Tuselens
sond Spuration, ol & ooeting schese la gliven fop the
rowsPRl oes%. (nly the bloekling and crossfliow effechs are
inltlaelly tnken inte assouwnt) Dowever, e mpnmer of oaking
ehe spell Inflow sorrestlon sspavately is iodlesbed. Somm
spleviatliong hevs boon sede by this novw netbhed, snd the
rapvliies are preosented o the lasht ssetion of ﬁ%ﬁ%%ﬁﬁ‘ﬁﬁﬁﬁ
Chapter IV sonalsts of s Alsoussion of the rosults wnd
af the Lizlietlions of $he methwed, ond ilneluder o sbabomed
of pope of tw pemerel conelusliong voscshsd e p veomwly of

the investlostion.
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eompanwnt of veloslty norsl Yo glane of wing
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dlrensioniess wirenisbion %T?§¥
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CHAVIEE 1%

LRITICAL REVIEE OF TR LUVERATIEY

E. AHALYBIS OF VUINDD BLONY 4MD BODTIE SLOWE

8 ﬁjﬁﬁﬁa Phe theoresblosl mebbods vest coumsonly
spuplied to the grobleon of esloviebing the 110t distelibubion
om & whing ere based vo ity of Ywe theopiss, the 1iitlage
Iine theory oy the Li0%ing surfoge thoory. In the 1if%ing
ilve theory the sspumption fz nade thet s copvection fop
s thves dlueaslionsl effests sen be applied 4o the 0.
dimemslonel shoavanberistior of the elriell ab sash wing
zoobion, this sorpention fov the thres Giwenplonsl offeots

Beving the fovs of 8 dooronse in the offootive anglowols
abtack at osch wing zesbicn. In ovrder o saloulste this
vorrontion the wing l¢ conpidered %o be replaned by &
plogie sbraipht warder in the plene of the wlog and
pernondioular %o the free fmﬁﬁﬁﬁﬁﬁ @ﬁzﬁﬁiﬁv@

I bhe 1irting-purfeoce theory & solubion %o the pooblian
iz obbalined by sabliefying the bowndery sondiilon thal 4w
Flow e beogent to the surfeps of the wing: the Dendomental
angupption ln e ilbing-zurdone theory belny thed the

vowndsry sondlibiome are sablefied in s plaone perallsl to
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the frop-sireon veloslity rebther then in the plens of Ghe

wings 4n oxech fovsuletion of the 1ifting swises problem

iz not zathometionlly btreoteble ob present, o el
serbsln eiwplifisetione mmet be veoorbed top for lnebanne,
the wing ner be vepresented by e finlte mpber of Slaovets
porbions or oven s alngle 3T%ing vorien.

3¢ whe tus theoriss fov esloulsbing the spenvwise 120G

digbrivation, the 1ifting-supfeve thoory glves e bebisp
spprorisatlion Yo experimentsl regulie iun all ocsses and
san, in 230i%ion, be veed In calenlsdions of the A1I%
Slatripution on swapt winge @nd winge of low sspest vatle

Por wnish MCtiop-1ine thesey i lowalld.

Lifdinm.1ing ;;mgﬁﬁég Tn dhe 1i7bing line mebhnd,

the faxillise sxpvession for the bYwoe Slosoeional 1520%

posffiniont i wrplitben

o
Ead
b

8y ® %3, Terreciive

E ]
Sl

e Furreetive T 7 Uy
snd oy = e, (o~ ag) {53

where @y 46 turwm 35 the sngle of atbeek by whish the

L 4 i
’ ff&@ ﬁﬁ@%@?%}y F“" =
Thearr, Ueskvrldgs, 1944
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pemmetric aazle of abbesk, €, is deovessed beswupe of

threp-dimensionel effeste. In order W esloulebe o

the wing le vepleced by & LI0%Ing vorben lluw, %he aoe

eplied bouvnd vorbex, &% e %&@@%ﬁ?w@hﬂ?é ling of ke wing.
Tae 180% 5% sash spenwisze oteblon verles wikh the

strensih of the bound vorban ot thel stebtlion aceording

to the law of Fubbe el Jouvkownkl,

3l = pvl9h ihi

wherve By} 1g the 110% pep unit spen ob cech ebation

gl [ {y) is the elivewiation geoud euch shailon., The
sireulation of the bound worber must wary spanvlise og the
1ir%, but gluse the swoant of elrguisbion conmed e
degresssd 1o an inviseld fizid p vovrbtex Pllesent heving 2
strength ogual to the ghange in the strensth of the bound
yortez at esob s%etion is szsumed o trall off into the Irves
stromm bahlnd the wing, and 1% fwllows Bhet o shost of
worbiees i foved bebdnd e wine se o posuld. Uy aopiving
the law of Biob and Savert an expPesalon san bo devived fov
@; 1o tewes of the sivevistlon [ {y}, =nd an lntepral
punetion Snvwsliviss only [ i{v] e an undoown onn then be
epibten 1t cooh spanwline steblion.

sy) = ol (y) = 0y, elp V8 {0 -~ gy) (%)
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where By W e
~Bfy

gnd % i o Sy varlienle repposenting the gpanwise

epdingte. Congeguently,

. 2l

£ & o
Gg®Y

al' .an, {03
an ¥ « 1

Thiz eguatlion wey be zolwed by the ssihod Indisebed In
Blauertie bext! ov in he papars of ﬁmiﬁ%@%ﬁﬁ o senseober” .
The problem of the 1408lmg line buew aloe besn treabesd by
Trefftet? who considered a plene norssl bo the free glreen
issebed loflinitely fep bebhind the wing end showed that the
three-disensionsl problen of $he 1104 4lstelibution e
wing of Finlie sven %@.@@miﬁﬁiaﬁﬁ 0 oA %w@wﬁiﬁ%ﬁ@ﬁ@n&&

mpnblom in dhis "Ppelfis plang.”

Trus

Ebid.

"'§

“Zhenley U. Densonber, 5
ipus Far Spepwise Ale-load ‘
5 BOPUETY AV,

e, Teaffts, Pran
180 Do B o Hap VOLe 3
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Lifting-surface thoory. The lifting-suvfece approach,

fi@%% suggsated in 1919 by Betztt has been uwesd move
?ﬁ@ﬁﬁ%&3 %§ ?a@h&@rﬁg@ %i@gﬁ@?ﬁ%gﬁ and %Qiﬁsimgéykk whe
tatroduced serbalin sizmplificebions which faelllbated the

upe of this approach. Fallner reduced the pathematliosl
@ifficulitices inbevent im the 1ifting surface mppreach by
using & finite ﬁumaﬁr of Aisorebe horseshos vorsises o
vepresent the wing rather then an infinite number of
infinitezinal vortices. This provedure leasds %o & set of
linesr simulteneous equations in which the downwash engle
induoed by the wvoritex field representing the wing iz sgusted
to the geomsirle angle of atback ad & nusber of diserebely
chosen @aiﬁ%aa

A& aixplified 1lifting surface method for caloulating
spanwlse 140t dQistribubions was proposed by ¥leghardt on
@%@‘%gsié of a vesult obitained from two-dimensionsl

%ifﬁ?iwiﬁﬁ aimfanﬂéﬁ”@@@

33&&?1 %i@ua&?ﬁ%, oh
iﬁ%lﬁ,ﬁ@@%&ﬁf}i&?»fﬁﬂ%m

Eings, T Y. zm,. mam ﬁﬁﬁm
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shinenierfoll thenry whish ztedes thet 37 #11 ihe 184%
sawried by & [isd plabe o nerabelically ssnhered airfoll
wops veprossnted by & conmentreied gorber wb e QuBPLEDe
amord time Shiz vorter would induce o dowowesh engle squil
tn the glops of ihe slrfoll st the Srpese-nuarber ohord
Vimm, Ooonsguenily, Ylegberdt vessoned btheb e golutlon
for the 1106 dlstyivution on & Finlbe wiag sould be oo balond
ny ieeabing e vorbem ab the guavrter-chord 1ins of e wing
end sumating the indused dewnwash angle o e ghonebrls
angloesf-abbock st the thres-guerter whord iine.

saluninger deegloped & souveniont methed fop wmabiog
@%&?ﬁ%&%%ﬁﬁ% moped on this slmeliried theory. The gawation
f@@.%ﬁ@ sparedoe dlatribubtlion of bhe plresuinbion, I se

ziven by Yelowinger is

| a
' ,

e
g E

N i g%
where Lhw? i) = ]

e
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The lotegretions spe periorwed by sunmeriosl moethods, and
z a5% of livesr simsliaceous oousbions iz wpitten In wiulel
the valves of the sirenisbion abt soversl polnts slong Yhe
gpon are the ooly unbmowns. 4 gbep by step prooesdure fop
uaing the felseingzor sethod 1z gliven in e paper by Veo
Down snd Te ?@ﬂ@@gﬁg

soothey avoroseh velng the Tlegherit oneprlep-ahord,
shwsoeoparbor chord conoept bul weling dlsorste horseshosg
worbioss rather then & 1line vorkex i3 sleo svellebls. In
this approseh o mubey of hovesshng wrbives sre dlstributed
o bhe wing gusrbopechord Line sud the dowswash angle indused
by this wvorbex field fe sot oguel %o the geoneivie angle-ule
abtask gt the %@ﬁ@%&éﬁ&@%@@ eheord line. fonveniend teblos
for appirving thiz onlovlation schome are pregsented in s
paper by %ﬁ@ﬁ@yiﬁﬁg%@ Thip beahmivuwe iz sopllesble Yo any
plopfors, vhile Yelzeingerts zothed lz restricotsd Bo wings
wihleh do oot bave oueveld guarter-chord Linsg.

The ‘elasinger wethod can be ghown & sive &he
theoretionlly correet vomuld fop the Linibting ceoses of
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seps aspoed ﬁ%%&@g? st Infiniie aspest vabtlic. 4 oompuvrioom
of sxporlesntsl resulis with vopelis celeuliebed by the
vgloninger »ethod la prosonted in o puper by Tenonett,

body in & Piow by introdusing o eeriss of sourses sl

sinks i the siPean. Yhon the body iz slender, the problan
may be slnpiified by cosuming thab the disturbenosns ars

small, ond eve confined o the tvansverse sectlon ol

whieh they teke plase. & Weohnlgns vsing this sseumpbion

to treat the weoblen of flow abovt slend-r bodies i desoribed
in & paper by Young and @%@ngg sl Pioure 1 shows
iengitudinal dlstribubion of the velosisy ehoub & Bysisal

gl (en.
smother tesbnligus whiech aspvoes that the disturbenves pro-

glmmder body of revolpticn celouleted by Young

duved by & slander body sve seall and thet the Tlow is

mmmm ¥, Piederioh and Nerkin Llotniek, T
sipe L1 stpibutions of pobeiinhs

V%%Q,



Y

two dlzensionsl ab sach Pangwerese seckisn i @?@@@ﬁ%@ﬁ
by Bankto,

The loterel dlstridbution of veleelby Indussd by &
body e of spoelal intsvest sinece 1% affecbs the loosl
veloelity at seoh wing seotlion end hewee belos dsborning
the 147t ab cech seatlon. The lsbarsl veloelty aletpl®
tion 18 spinuisted velew for o Asukine soliadh &long &5
sris paosing theouwsh the midooint of the bodry e porvesl
B0 its axis of symwlrye e

& Renkine solld ﬁ&.gﬁﬁﬁﬁﬁﬁﬁﬁ by plasling & Boures
and sink in & wifors reetilinser {low. In syliindelesl
eooviinates, the stream Dumetlong s wrl hente

vg gg&f g * ‘:&;f %3

@i&f& g%f&}ﬁ " §£};&; 7

A (Bfg & B/g) }_]
V(B7232 & (B, + By ?

where the midpeint of the body 15 ob the ovigln ¥ = 0
and {«%g} ang (85) ars the dletences of he soures
and aink frox the ovigin, angd

Y= 3;? [g ?;??;

The w&@%&&l&ﬁ &@m%&m?g ﬁ%w ?@?&}“??”*””I

224014,
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2 - ng, éW
T W JUA gl (13}

Tekling the parilsl derivetive of ¢ with reapect 6o LY
aiwiding by Y8/s, mod setilng x ® 0 vields the desived

expreasion,
v/ 7 oB
) 1+ (m/y) g
peEle v (12)

. s
The relsilon betweer m  and ¢£ is then

Yo V1w /) = [0 + /2 12 (1)

Figupe ¥ shows S = R -1 plotted at verious values
of Bfa tor twe Renkine selide, one & reolatively slender
boty /s = 7, the other Ya = 3.0z,

T, ABALYHTE OF T7F WLl PUBILAGE COWsTHATIOB

Selutions of idealized grues by Lenuerky and Venlvay,

The wingefuselege sopbinstlone mosd @@@ﬁlg treagted by
theoreticel metheds Iz thet of o sphevissl feselere with

an Infinite wing, elnee this voulliguration cen be ropresembed
by 2 sivgle douvbleb &@@&ﬂ@ﬁ 8t the nidpeint of an infinite
wortex of sonstant strength in s unifopn reotilinese flow.
teing this reprosentation of & wismg~Tuselege vombination
Lennerts®~ found thet the 1106 dlatriiviion on the wing
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.Figdre le= Longitudinal velocity distribution o a typical slender
body calculated by Young and Owen, a = 59,

0008 — * T

. .’
o !
e :

7 0,07 |- ’

o

# . ]

g; -

A ’ |

é‘ 0,05 {— ;

£ ;

o s

8 000}4 e i

o :

5 t
’ .8’ 0&03 e

o

e

e |

4 0002 e

8

kS E

0,01 L~ ’
) ' f
N BT T D R
¢ 1 2 3 k 5

Dimensionless lateral ordinate, y/a

Figure 2.~ Ilateral velocity distribution for two Rankine solids,



A

e wmalfeobed by the progeomoe of b sphers and thed e
sobere cavrios s 1A0% suestly egusl % the 140% sewplied
vy the pert of the wing whish 1% covers, E@%@?@?Q 58

pointed out By Vendvey %, wals result iz obiained @zﬁgv

when the lomsiltuwiinel weloelby indused by

the gohere iz
neglested. Yeodrey shows thet the 130t on the wiug is
invronsed ip the progonce of the spheve, snd that the
158% on the sthere iz vodused by sn smoumd exaslly euusl
%o the incrssee in 1106 oo the wing. %he incwvesse in
130t on the wing eun be agepibed only bo the inoveese in
the lonzitudingl @ﬁzﬁaﬁég indoped by the aphere sines the
wragenes of the sohere doas nob elier the offestive angle-
afeaibank on the wing.

Lepmerts alse btreshks the ssse of o wiop-Tesolene
sopbinedlion conalisting of & wing repregented by an ialinlie
vorker of consbant strength whieh intersseie sn Ilnfinliely
long osviindriesl fuselsge alisped with the frer slrow.
vor this cepe Lonnerbs finds €hat the 117b on the aylindew
g sauel Yo the 110% on the peyd of the wing which i
suvered by the erlinder aud thet the sffaublve angle of

VS@%%&%% on the wing ls wehey

ad ae thet there 1o no shumgs
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In the 1108 dlebtrilmtion oo the wing in the prosenes of
the fueslepe.

The Piov over & oviinder-vurber eonbinebion vepresenta
the flow owvrr & wing &b an sngle ﬁf whioek stiached %o &
leng fueslage ab gero angle of stback. Si92lariy, the
Piow over the srhere-voriex covbinedliosn iz vepressntntive
in & gueilteblive somee of the flow over g vwing #ith &
nuselle. Hovewer; the ssswntlion of sonstsnt elrveulation
i sontvery o rosllidly. Aloo, theve ls soos objeedion o
papresunting the wing of & vlhng-fuselase eonbination by
B siagle sonsentrated vorben, lopsmueh &z thig a@%ywﬁiw
mabkion negleats e worlation of mobupl nduebanos eifenia
ghong the doord. Uonsoigsanily, the resulis ghialined for
this ideslised csee are weeful In g gualltatlive sonee onlY.

Leppite the fest thaet 0w gobore bag & slendernoss
vabin of 1, vheress ueosllies heve slendernose rebiop
usnally sroubtor then %, the gaws tyoe of effect on the
wing is %o be erxpested 17 the neselle iz 1o the »id-wing
ponltion, alihowh She mepnitede of the offent ip 1ikely
& depend on She sloodernuss-ratio of the neoalls.

inkbod of Yie v, In oalesiabling dhe 180G
alstrivution on & wing-necelle éabinablon the rmosllies

san be considered se seoblons of the wing ab which there



sre digoontinuitiss of the chord and of the section
ﬁhﬁ?&%@@?ﬁ@@iﬁ& ar effestive mple-ol-gtivek, Thls concepd
wae Beed %3’ﬁi@$@3@%ﬁygﬁﬁagg he ueed s 11f6ings-1ine nothod
sl peduand the wiles of the lovel pacblion Eﬁfﬁm@ﬁﬁ%%
slops et the gv&%@ﬁ&@ statlisn whieh o 5% the rﬁﬁ%&ﬁ E&%%
af %@@_ﬁ@@@z&ﬁﬁ Yis resulbs, veprsduesd in ﬁi@%ﬁ@ iy

show 2 Jdoorsase ﬁﬁ’%@ﬁ 1Pt extending over the pordlen of
h wing @ﬁgﬁiﬁiﬁg the neoelle. iz reowld iz %%% im
gEnevel sgvesment with vsperinental reuils, sinoe
Bisselaberger doss not teke the vertisel snd lsagltviined
losation of the nasslle inte mocount &t sll, and doue nob

vake 1ts lateval losatlon on the Wing and ite mexivum
wlath into soseunt a@@mﬁaﬁaiyg, %ﬁﬁfﬁﬁﬁmg%%g~%%ﬁiﬁgﬁﬁiﬁﬁ"
from winf-twmel tosbs by Folellen and ﬁ%ﬁ#@i@%ﬁgé B
in Pipuwre L on & nesells in the wif-wing position indlsate
an lpersase in the 1428 {?&%w@% than & duorssse caloulated
by %ﬁ@ﬁ%l&%ﬁ?gﬁ@?(@ﬁ the povtion of e wing sdjoining the
nesslle. This luoreess in 11f% can be sttvibubsd to the
inersase in Jongitwiioel flow iﬁ%ﬁ@ﬁﬁf@ﬁ thw nseellet
%ﬁﬁ@%ﬁ@%@%ﬁiﬁ@,@ﬂ%ﬁ%&@%ﬁu$f the ghesy snd bending nement,

BB ﬁ-%@‘zm'@%m @@@.ﬁg & ,%&yﬁg i%@”@
{Poom % ¥ a»%ﬁ@%ﬁ§ @?ﬁﬁgﬁﬁf&@ “ﬁﬁﬁ??; y@%; E?Q B LBA

gﬁf
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Figure b= Spanwise 1if{t distribution on a Winganacelle combination obtaiue .
in experiments by HclLellan and Canzelosi.



sgpeeielly &b the oulboerd Juocbture of Yhe wlag and
naoRlle, vay be wsie IF this eldiltlanal longliwdinel flow
ig negleckod. The alfeob of thls additionsl loupibudinsl
Fiow s Likely %o wery with the werblosl posilisn, of e
neaselle the smount end type of Pilieting, snd e ooound

af turbolense iz bhe Flow.

o 2 O i i
iIn 5 paper Ly %ﬁiﬁhﬁgyéf eanfaroal

menving 1s used in conjupstion with he 11ftinn-line thoowy

2 bo selenlabe the 1406 Alstpibution on 2 wing in
the wrosense of 2 Muselege. Two signifisant sfiests of
the fuselagze o e spsowise LIV dlsbelibution ave

£1y “he viceking offest of the Dwelogs.
{2 The incvessed verbiosl flow op the wine dus
%o the progenes of the feselsge, which
ehanzer the sing offentive anle of abiask.
These Ywo effooty eve for o Dueselsge whilsh 18 sseusd 4o
e an lofinibe svlinder, oo thod wo loopituilinegl flow iz
imﬁ%@%ﬁ Wy e DMueelerg. & Dopolass of finlve lensth

would have 43 0Terent effects on the longitndinel ond worticel

‘ g?"ie Yuithaop, Mu
Lufifehriiorsehong, B
{tronsletion B2z UF
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Flowe, beb these 4ifforamons g fudged by Bulibopy b be
af gepund ovder for the weusl eonllopvationg.

toserding Yo the goneent of the Trelflis plene e
1ifing-1ine euuation een be seblelflied in & planeg
Infinitely fop downsivosms of the wing. In this Treffts
plong 2 sonplen ssordinets w2 5 4 Iy way e delined
where ¥ iz the labersl end 2 the werilosd opdlusio,.

By moane oF & oondorael B m&f@%@&%@@ﬁgﬁ

+ B8 weplume
way be transforpsd into s Beplone in which the Puselase
cruore-geotlion et the interssetion of the eylindpical fuselage
and the weplene iz tounsformsd into e wertlisel glit. The
fiow in e u plene hep ¥he ¥ and 5 componsals of the
sotual Liow: ite "rreewstens® wvelsslty ey away foox the
fuselege is s upwerd veloalty of zamnituls Yae the
vorbicel eomponend 48 the sotuel freo-sbrosn velonliiys.
Thiz flow when trensforsed Snbte & flow in the ¥ plane le
mush slmpler %o snelyse, singe the verbtlend gllit in the
¥ plene poses no cbetesle to the "Iroo obvess.” Purihepe

merh, in the B plane, the boundsyy conditlion of sero flow

@) fugselage ip
snbamationily sablefied 417 &b flow In the u plane i

napnel o the surfaee of the {rawefowm

R

—~

- TTE, Maverk, T




symmatriesl sbhout the 8 sxiz. The welositles ln the
T-plens st be mdbipllied by ‘6R§§§§@ the wesl pert of
the eonforasdstranslormation f&@%@? in ovder b et the
Fiow in the sheelenl nlape! the resl merd Lo used ginoe
shily the werblcel cowpoment of the flow i of intaresi.
The 180% Aletribublon for the wings-leaslsge oonbinge
tion is caleniated by 1i06ing-ling theory. In this cuse

the looal 118% iz writien

r ® Plg ®/2 Vageransive © g ®/2 wy (16}

where Wy ® Vg b Wge - W {37}

where, Lo turn, Yy Io the noweal Dlow on the wing, W,
is the lnerszentsl nermal flovw ilndused by the fusslsge
snd wy Iz the dowawsah flow, How, in the Wanslorned
plens infinltely for behind the wing ¥, (¥} is weitsen

bz )
FroolP) =« & %‘:s f%
v

e,
T
£
Rt

g thad In the vesl plang

e w B g @
1 () = RIGQ) ¥y, ) (19)

where gy, (7) the downwesh infinitely fer behind the

g
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wing 18 twise the dowsmash 5% Bhe quarbereshord 1ine,
wylyle Sinileviy, $he incvemsntel wertiosl flow dus 9
the fuselege in the peel plane oan be expressed e

Bpp ® Vl¥) ﬁzigﬁ? - Vol 120

where o Lo e angle of abbuck of the fustlegs.

The 1if%ing line equstion for tie wing in the phrelesd
plane can then be wpliten fn borss of the tronslowmed
grdinates 88,

e

[ i??% e, Fiel¥) %ige’; # zﬁﬁ[ﬂ@: M] & R 15 Y

oF

[ (5= %@%ﬂﬁ@i%ﬁ{%m{gmzm bop b phe [ &p & }

Tnis edw %%%@% ey B8 polved in the zome way 28 the originel
Aiftlog-iine %@%ﬁ%ﬁ@@g wreept bhat the chowd of the wiag
is maltipiied by the fastor ﬂ%ﬁig and thet he emsle of
iosidenecs botwesn the wing nd ivpelese sris, © - Gps in
divided by the fzebop 1&%§%§$ & suigalisted walue of b
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i@%ﬁ vaine of 7 is plotted ab the shbedion 7 in ihs
porl plane sorpespondiog o the steblen ¥ in the branse
fopeel pleante.

e rosulie of 3 esleuistion by Palthoppts metbhod Dowp
% vachsnpaler wing of aspoot ratio L.5 etbached at the
midewing vonltion to & Pusslege baving & rading sl to

Nef ¥lo 1n coupared in Floure 5 with experimentel resulis on

ol b— ‘ Wing with fuséi? e
~y
. ek
4: !“H
o -
g 0.3 s %
[4) .
od
Gt }—
el !
;8, «
0‘2-..._...
;
= 2 0 Experimegt, wing with fuselage, |\
’§ 0.1 — .' Figure 12, B}
1l I R T |

0 0.2 0. 0.6 0.8 1.0
Dimensionless lateral ordinate, y# A
Figure 5.- Calculation for wing with and without fuselage by Hulthopp’s method,
ABRSQ.K“].,A Qo,a*ﬂoz,&”ho '
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alzmiley eonfispeetion. 4#1%hwurh theve s guelitatlive
ngreenent, 1% 1z sesn Bheb the eslevieded 117t dlaivie
mubion e %o hig: % the voot. Si%noueh be 434 oot
heve sny neasuverents wlth whieh bo compere blz romalis
Helbhopp eevelully pobed et bis welbad fov tresting
the wing-fuselage sostdinsblon doos not babe loboe ascound
the effest of the fuselsge op the Dlow ilndused by the
bound vorder end thaet 1% would be vore correst 9 sele
eniste the snsive of atboek ab the Uirse-uusrier ohopd

4 lime ap he G008
althopp therefors indieatss thet the 137t cslewliabed
wy his wathod iz likely 4o be boo lsvpe neer e wing
wont. JSnother 1isdtebicn of Uunlthopo's zethod 1s thad

1ine ﬁ@%@@w e 2R e Suerbtorechoy

it fa subleet to the sowe vesbriotione as- e 1iltlng-line
theory on whileh 1% 1o based end gompeguuntly senmnt be
peabed to visld satlafuobory resulds for wings of low

nepeot vablo or wings with levge angles of sweepbenk.

Y¥hen the popost retlo of 4w

wing approsaber serc the spanwise 1406 dlstwrlivwation on

& wing-fuselsge sopbinatlion can be @é@%mi&%@ﬁ:%E making
v sssumebtisn thet e longi budingl flowsdlatburboones

gre sppll; 28 is dome in te sforeentionsd slender-body
theory sz thet e problen of ssleviabing the 1i0% dletrle

wabion s esentislly two-dimevelionel lm plense uoresl
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to the free-gtreap veloolidy. 4 soluslon Doy $he 1i0%
distrivution on 8 delte wing of low ssrsot ratisc aitsched
at the nmid-wing position to & voldy baving & sironlay

erozs seotlon has veen sifected by Bpreiter 29 and is

¥ ly®) w\/"[

22 :
( ) %

B

where sll the symbols sre deflned on pags T. The 1ift

@ﬁ&ﬁ&i@nﬁi@ﬁ for the csge when thw fuselegs radlus i

0,3 b/p is zhown in Pigure 6.

Bnrsiterts golution iz presented here Loowase LB

o

iz exsct Por e wing of venlehingly saall aspeed ratlo
“attached to g alender fuselsge, o that 1% 1z ueseful in
Jlgling the soovracy of regulie obiselned by applying

mors genersl methods ba the analyels of this 1imibing cage.

Egéﬁ&a . Bprsiter, Aepodynemle Pro

@lﬁﬁﬁaﬁnﬁﬁﬁﬂwfﬁﬁ‘,éﬁﬁ im@@f&n@iﬁ?,ﬁﬂ,ﬁﬁﬂ_m Transonio,
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CRAFTER IXY

EHGT FOR GALOVLATING THE YUY

VURELALE W THR LPLUEIOE LIFT DIUIRIRUTION OB
THE WING

I. VEBIRIPTION OF TUR UNY BETEE

haen %@ﬁ%%ﬁﬁ sut in 4he preseding @hag%%@ et by soune

af & slepdiflied 1ifbinp-surfane sobthod, whickh sunsiste

of pluoing a convenbrabed vorltex ab the querter-ahord line
snd satislving the boundery gondition at the thyes-guavier
ghard Ling, sevursbe LIV Alebtributions ven be esloniasbed
for wings of any szpect rablico with or witheownt swsashank,
iz nothod iz sambined in this chaplor with Bulthappia
sonfarual werplag nrocednred® in en effort o wlaln &
method sulitsble for enleuwlating 140% Gletribubions movs

seenrately and for s widor varleby of plun Povos Shan
popslible by wspene of Mfting-llne Lhoory.

Innsrngh oz e concepd of conformal merping iz based
o beosdloensionsl conslderstions, sod insovnch sz e

%ﬁm Bulthopp, Sup )
Lultfepbiorschung sﬁ@“.iﬁ,.,
{Tranelsbion MAU4 TH Yo. 10863,

wommdl des My
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ploplified Lilftinpesurfess sobthed caomet In peonwsl be
reduesd o & Woe-dlzgnslionsl problen se eon WItlasellns
topory, the wethed oublined hepeln is oot rigovously
Jentifishle. Yowmever, s ls shwen in Chapber IV 3¢ i
Justiriehie Loy wings of very low sapeed rablo, bDosause
in thoze csses the sinplifisd 1iitiog-surfons aothnd osn
e reduveed o o Wroedimonsionel problens I35 wiil elwp
e shown In Chapter 1Y $lut e resulie obiaingble by
the nobthod wler consiforadlion conpblibnte & very 2loag
worrerination bo the covrront @%&%&@% in the cese of wiugs
af Infinite sspeet ratio. Thepelfore, thers 1z ool Poepgoh
to belisve thet 1% wiil furnlsh wpelvl sngwers for vioge
38 inbermediste sppent rellios.

Toe Intespoe-0iffevantlisal egation of the slmplified
Iifkingesurfece votind 1o glven 3n Thapber I7 ag osguetlion 9.
Yow in the propense of the Pugelasye the nowel-flow cowpmmend
Ty i

Hy, B Ve + Wy, (253

ghare ¢ 4z the lesel wogle of ebtenk on the wing, and
P iz the fnoveventel sovsel Tlow on bhe wing osuesd by
the foselage. The L1804 dlstbeibublion 1o ooy oalouished fop
& wing-fostless sonflouwration ohtelingd fron the gleen ong

ny u senfernal brepefowstios (io plaues novenl bo e



a

frapp-atroan wmiseldyl in which the cropsegoutlion of Yhe

Punelegy lo o vertisel &1lb, 5o thet Yhere i ww Dopulege
Soberloarensg. The veloelly somponenbs oovesl %5 e Drege
shvesn valoelty snd phreilel b bhe plone ol s7oaRtry are
Shen maitinilied by the sonlomssl-traneloration Daoburs,
ant the alagliflied-1ifthug~aurlane sounbion g wpilbien
fop the wing io phyzleel spaos, bub In beras of She
brangforeed ovdinates. Thue in phrsiszel apeee

B

e ® Vel FLALE) « Vopl(F) (ah)

%“%

whars 4y Lo the angle of abbenk of the fuselege) also

FOR
i
e

Gy e

%ﬁ@%@.ﬁiiggé iz the veal pavt of Ghe sonforsal tranalorne-

bion fackor sp In ¥ullbonpis fvestosnt of the wing-Duselsy

sonkination.
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Copperisn of egpetion 27 with omsbion ¥ ahows
b the prosedurs for selowistlog the 1I0% dlstriutlion

an B wlag-fusslsge ooblmebtion Lo sy 2 elighdly

s ifted Porn of Ythet peontiyred for the wine glong,

Gefinibenens, but other Dugpelege orospegecbions end wing

lecntions mey be treated in the sewe cemor provided the

povrret btranaforsation faebor iz used. {loe alen
¥ulbhopnts g@@%@ﬁzﬁ

The laters) and verbionl ssordisates In physisal
anass v adl z, vespestively, ore oorhlned lnke o
gompler coovdinate

B ® g e iy T

2imilerly, these scoovdinates in the epaoe obbeined by
svenafoveing esch plone in phrsicel zpsos norsel %o Hhe

frovegbresn veloelty ore cunbined Inte & oowplex couvdinste

%m%?@g? {@g

, ﬁiﬁ# Pulbbonp, 2
Luftlahrtlovethung, s |
{Teensletion YDA TE Yo
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Por the ziven sonfizurstlion the rolsblon hebwsen the oo
pompler esnrdlnnbos In
&
Twws D {50}
kY
whore o 3z the reding of the fezelspe. The saloulatlion
for the eppowliss LI0% dlstelbublon 1z then wede gp follous:e
{3} In the trenelovesd nlong, Y sparwise
ardinebes of the wing ¥ 'end X ave
F=gie %’2« {5}
%‘Sﬁ%
gn theh when 7 ¥ g, ¥ % 0, axd when

¥ o= Blgy Fow Bfy, wheve %

Byl
Ewy
singe the longltudinel ordicabes sve ned
- ehanged By the trensformakion.
{2} Sloce

gzs%
the veal pavh of the conforsel-irmmalorestion
rantar,

w2 |
Rz =2+ %;; (35)
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For © w5 0, the veriloel positlsn of the wing.

{2} IF vhe wing iz unewepl, siustisn &Y iz solved
in %he wmal paoner for b franelowned wing,
sroeph thet (o« gpl is dlvided by ~99§§%§¢
Uhe diffevenss o - @ L8 © when the wigg
iz not et gt ap migie of lneldenoe with e
Pupslare anlf.

{h)  IF the wing la swept mother vethsd mwt be ueed

for trenling the trenslomed wing, z2inus the

AhE

traneformed svapt ¥wing bes 2 cupved guarbade
ahord line {ese Figuwre 7}, & ssse for whish
dotpsingaris wihed cwwmot be applisd,.

The sloplent gﬁ@ﬁ%ﬁﬁ@@ in probebly e
ﬁ%@v%f noresghos vortioes, st 10 on vagh
ponispan anpeers W e & snblisfeobory mubey,
sontersd on the querisveghord Ling. Oy aplev-
leting the dowovesh indueed by coch worbtez et
10 polinks on the thres-gusrier obhord line of
e peslepsn snd s@uating the o b the slone
of the wing 2% the Uwes-tunrber shord Ling, 5
get of 18 simdltenvous epsbions Lo opbalned
Por the 10 wbpows sirvensths of e vorbioes.

Tn enloviating the downwagh due bo $he wvorbices,
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%fﬁ%} he walnbion betecen e Shoonsioniese eiveuisbion

o bhe winge in the physliosl end brenalorped

spaue, vespentlivelys ia

&
s wi, %
_— % o {303

{6) The Mzensionloss olirvevisbion v iz plotbed ab
''''' wrdah B

[l ]

o® w gl
5 ;;?’i
TF oy imsbtgons the 10046 Alstwibetlien lz bnown on &

roabungulsr wing alog, the 110% dlatvrivetion for the oo

wingtion of this wing and s oylilinivien) Duselene oan e
tabion fop

shbsined guite readllive The resulise of the splan
the wing slons ean be szowmd to be thons fop the Wranelowed
wing szeert {oF s mell correction wiieh sen be wade by

applyioe 1i7%ing Lind Sheowry, provided the watio of e



g

span o She Pogpelase dlupeter 1l large g0 thek ?tf’g;:,
teguation 33) 12 nesyly unity. The trensforemiion iz

then sede bany indo the physizsl plone o bhat the 100%

is plotbed ae Indlosbed im sben [}, 1P Teg te the

dismmaionliese sirsvlablsm o the ving-fuselars sobinstion

omd Y 18 the dimeneionless eireviablon on e wing

mivee then

s
. .éq?a & 3
rugl7®) = [FF ][ B | (36)

The serreetlon epplied in eywetlien 36 1 besed on the

1if%ing line sslublon for the 2i)ipticsl ﬁi@‘gfzﬁ%g

{573

and the 10entity whickh holde In the case of & vestanguier
wing

g ; a»"”}'
£ > % 1§21

&

£ : ‘.-;h g

ft&%ﬁ %’&@ Wg%;% : 3
In mwﬁmﬁmﬁg the fopelisge by an fnfinlie @gﬁ,mﬁ gy the

inflow wifend L8 wagleshed. The purpose of thie seeilos

iz to fndionte p osrresticn for iz affent in the cuse

%m %ﬁu@xf% The Lleps ggm of Aepafoll znd blrasorew
Thenry, Couhrldss, ,‘z;%,@ e A57e
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af & pid-wing esonfizursbion. Yhs lotersl Slstribubion of
e Inorpenent In loogibuilesl veloelby Lndused by the
fnaslaze le shown in Plogere £ fop teo felivly tyolosl bodissg
the body with the slendernoss vable of % soproninstes &
neselle, aod the body with the slendernees padie of 7
sporarivates & slender fueslegs,. 4n isoreszeo of the affled-
tive Ires-piveons dynenis precpure s the lmwedlabe resuld
af the indused lonsdtudingl veloeldy. If the incwrease Ilo
the velualty 12 swell end foes pot have a lapgs laterel
epadiont sz, for exswple, in the sase of the glender body
im Figure 2 snd the wing hes g hizgh sepset vedls, the
effont on the spevwlze 1L17% Aletribation may be oelewnlsbed
an Dollowmas

I the logal 117% &% @ gliven @g@ﬁ%ﬁgg station {8
{1 + &) wvhere B<<1 thern the 14F% in the region of
tnvreaned velonity iz

Pmoag e i‘ﬁﬁgii + 5}% L%

R
W
o

x oy e % o R & 28) (h0)
ud the 11t 1o tee uwnifoy flow is

by = By 8 %»g@a (b1l



pa that
Pm il % ﬁ%§§§ EhE

Compemmently, the 110% onlovlabed by the methed oublingd iz
the mreeedling seoblon oen be corescbed epproxivetely for the
infiow affeet by oulibinlying 1% by the foobow £ e 28
appropriste te the glven fuseloge and eny sperwies station.
The fovepelng anslyvels azplise only ko the sase of
ation, aimee in the case of Whe high

the widwwing configy
wing op lowewing sunfizuredions theve e additlionel effonts
whdnk osnmed be onlouladed pasilys 48 shosm o Ploues 1,
there le o leapger indueed voleally at the hish-wing posliion
then there e ot the lesewing position, so bhet there ls

1&&@%? @@ %@ rwwﬁ it on the blibewlng ooolliguretion

,%%&% @ﬁ@y@ ﬁ@ &ﬁ phe iﬂ%W%iﬁ? sonPiouveblion, Bowowar,

sinee Hhe wing le of finite whichoeose the longiiudlual
veloalty induced by the fuselage zay e Aiilerent on i
wing upper surfase ond on Yo lower soxfaes iz 4ifference
bands %é>%&@?@$$@ oy degrense the elrenleblon on the

wing sl bonse Yo ehange 4%s 1470 sooopdinglye
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Tue spaorlsg 140% dlstyimatione ave bean cloulated
Por e pidewling ounfin
wing anfd one with & swept wing thet for the swepk wing

wmbicos, oot with e wepwapk

has beon perlorred by meang of ihe hovposhoe-vorben
mobhed deseribed previevsly. The sovpestion Jop B
Pinite length of the fueslisze wes wede by usling the
isberel veloeliy dlstrivution elowa in “igure 2.
Galsuleted speowlise Y10% dlstrloubions for the bws vings
fuseliaze ombinstione ave oonpared with the calenlsbed
spanwise 140t 4lsteibubiong for the winge glons in

Pigures § and 9.
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Figure 8.~ Theoretical 1ift distribution on straight wlng with and without
fuselage, A = U S5e=X = 1, A= 0%, a* =019, a = Le.
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Wing with fuselage
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Local 1ift coefficient, ¢
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Figure 9.~ Theoretical 1ift distribution on swept wing wmth and without
fuselage; 4 = L5, A = 1, A= }j0°, a% = 0,19, a = Lo,



Limibine cape of zers sane
ippetterts sethad, To obieln the spamwisze L% dlsbelbue

tion o the wing-Duselage sorbinatlon Do bhe Limiding
onsu of sevc supset redle 1% 18 only necessery to multiply
the velue of ', the lesding coefficlent for the wing
glene by the Fector gﬁ%s and o niok the wegult v ek ibs
polnts on dhe vlnge-Tupelage in the ohoeloel nlane whleh
eorrespond to the molinbks For the wine slong in the tvange-
farwed viane. {(See pheps % wnd § of the compulbing procedure
indizated 1n 2 provioue sectlon.) The relabion bobusen e
priinakes in the vhysiesl plens znd the ordinsbes in i
wraneloresd plone ls plven fo eguation 3%. The selublon
for the %iﬁ& ilong of 2870 sapeet ratlo pliven in & papsr
by Licderieh and | Eﬁ@ﬁiﬁkﬁg ie

TF Jotng uione =4 B - 50

)-

PR,
Pl
Tie

g%?%%rki&% He Dinderich and %&?%ﬁn Mzﬁaﬁﬁ@&@
wiee LI0R 42@@%.%&%2 ol i
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whioh oo be seed Dop e wingefuselage woobinetlion by

 sebting

7 hutng alone i)

W inge russlage © zg T

Flgure & ghowe & semperlison of the vosulits obksld
ey ueing the oow pethod for the 1ilxlding sepe of covg
&%@@%@ rrtio with the pseultes of Opreileris method. Yo
dizgvepeney iz syperent: 5 would be ozpsoted becsuse in
this Alziting ouss, the problan of esalenlating e 135@
diatribution 1s sasentisnlly o two-dlvenaimal oo {in
phenes porpeniloular %o the stremm), o Hol e yrocsduve

of transforming the physissl zpess rlene fop plans inds a

diptorbed spene 1o vigorously Justifisbls,

gebained I'vow emsideretbions of an ides

caleniabion by &@ﬁﬁ@?ﬁ@ Loy e spavwies 110t 4disieibutiom
26 B @ﬁ@%ﬁ%ﬁ%ﬁ@%r@f & %ﬁﬁ%@%ﬁ%ﬂ@%ﬁ%ﬁﬁ%ﬁ wrbsr w1t 8
sylinder alizned with the Ives streaw oan be sadifisd
21iphily o give the 1106 Slstrlimbisn when the oyiindes
sxis iz viased ob an eple-ol-abbank with toe free sivoos.

i this caes an additionel wertiosd weloolity somponent W,



&1

norral o the axis of the oyiivder mmet be sonsidepsd fn
w8i%don bo the lonsibudinel wvaloelty ¥ oounsidered by
Lomnerts 2o thet the vesultent free stvesn welpelty ¥V ls

w 2 3yl

-
v ]

(hd
and the sngle of abbask of the ovlindsy i

(L&)

In » pobentlel flow this addltiongl wywerd velovliy saonob
ehenge the 1i7% on the eylindey, however, 1% san gﬁﬁ@ wios
to on o008 onel 1408 on the pavrt of e wing i?ﬂ@@@ﬁ%ﬁ@@%
by the vorbsz) sdlocent bo the fusslags.

The zagnlitede of tide loovesss In the L10% will bhe
sslouieked by trestlng the components of the JA0% by
e %@% due vespestlively to the eowponends of the Drege
strenn veloolly ¥ end w,, se followe:r

The somponent of the 130% By which aote noveel o

the eylivder azxis ls

The somponsnt of the 110% by, vwhich sele pevelld to the
ayiinder sale sl opposlite In sonee bo the veloelly Y is



3*% » :@F%‘gﬁfﬁu * §§ {ha)

is whe welooliy of the wwrbtienl Dow et

wWapre Well 4
e warber line in the prepsnse oF %@ﬁ»@@&&ﬁﬁ%@ﬁgﬁ Pub, 58

5 vesuld of ewnsbion hE

N & .
by, ® P68 & (3 ¢ %QE b

e sovoonend of by %ﬁ“@% ko Ehe “@@@a@%ﬁa&w woionity i

By = by 008 & £507

end the component of e, neprel bto the [pee gironn
3
poioniby g

by’ ® bu, 8in @ 155}

The reevitsn® J1E% b novesl b0 $he (rocestPesn weloBALY
iz therelors

b by nom 0 by 8in G 1527
= poacs & + pul Bl

= ol foss o % + 8l




vo vl o ste? af5)] (55)
¥
zines e Y 08 a8

Gew LY the angle of abtisok n 1s emsid the Serm sind all)

iz vorlisible o thad
8% gyl 1563

wideh 15 the resull for ihe wing slone. Conssuvently, &8
a Tlvateopder epowsplestion, the 1000 detribvution on the
sbralght wing of infinite wepoot roabio 32 unelfesnked by
Bhe prepense of e foselage. The same poould is glwven
Ty syweblon 20 for the 1initiog esze of he wing-Iaselogs

soinablion baving 2 wing of lofinlite aapuet ratlics

o T posuits

spipon of wsaleuistions wiin

of selewiatians sade by the pelthed presented in thile paper,
ingluwliing the soprsstlion for Bhe Dinlte leugth of the
fuselege, sre shown in FPlgores § and 9.  Tos cxporivgnisl
soment with bthe cslows
lebed repults fop the covbinsblon of s fuselege with an

raEulte way b8 ssen Lo b6 in gt sy

wawept wing.
& womenry of the sxpevisentel wesulte fov the wiogs
and winge-fuseloge oobinstlions twesbed In papsrs by



Gokne’® snd Jasobe®! 4 shown in Plgure 10, sad sowe
arparinpntal dute obbalined %g‘%&&&%@ﬁﬁ Por & sinller ceee
u im Plgere 11, In eontyest o Yhe resulis fow

the unswent wing ﬁﬁﬁfigﬁﬁ%ﬁﬁ%ﬁﬁ‘%@%ﬁ%ﬁ%@ﬁﬁ in Pigurs B,

the experimsnts zive wmueh kigher looal LIft cowilisionts
than the eslenlsbions Doy s wing-Tussloze aonbingtions
with swept wings. Howevew, Figuvs 10 alse shows thet o
guept wing bes bigwr lessl 140% spefficlentz in the
preapsnoe of a Peselege then dous an unewept wimpln the
praspnse of o fonelegs. Thin trend sppesrs Yo be losoreact
and 18, 1n a1l 1ikelihood, the vesult of & folse sopleeofe
akbook mpesurement, oFf of lompitdinel welowliy gredisnis
in the wind tamwnel. Wind-tunnel tests st the Lengley

Teboratory on o veopt wing In the presense of & Dustlsge
wndsh are ot avellanls for diveet conperissn ot this
writiog show pood Qualitetive sovesnent with the sslenleted

rogulis of Plgure Y.

o . a5 P
<EEILLE Janoba, ‘
z Fop & Fowmnd

1508 Tobiolsene
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~Pigure 10.- Summary of experimental data obtained by Jacobs and Holme on a ‘
- wing of A = 5, N\ = 1 with and without fuselage, a*=0,19.
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Figure 1l.- Spanwise 1ift distribution on a rectangular wing, A = 5, in the
presence of a fuselage, a¥ = 0,15, obtained experimentally by MSller.



COMCLUDIRG REMARYS

& wethod bhas beon prasentsd Doy oslouisting e 300%

Siptriveblions oo swent oF unpeest wivgs 2ith Twelanes

in iosompressible flow. Thisz wethnd i move pepevelly
appliceble then eny vethnd nvesented berebolore, end the
snlovletione wade by thle sethed sve in good &f?@@w@ﬁ%

with szperizentel resvits. &lthoush Teriher cmperism

with experizentel 137% dlstwivutions ls desirebls belove

e methkod i ag?ﬁ el penerally, vertain conslualons may

o dpawn from bhe avalleble vesulis.

% hes besn fovnd thad %ﬁ%,%ﬁ&ﬁ@ﬂ@@ of & siendsy. fuseloss

gone net beve oo lwpurbant offeot on the 1158 4lsiribuilion.

o g unewent wing of sodevste gsopsed roatlie, bad that s
ange in the 1106 dlsbvibublon oo 8 wing in
the preseune of 5 Dueelage sy be snbleipeted 4F the wing

slgnificant oh

iz swent op 1f the fueslage ls %@%&@i@ﬁ&? ahard,

tresbs only Yhe cess of g pure invowmesesible flow bueb 1%

iz ppesivle to Inclivde the &fests of compresslblllsy whish
are snoousntersd ab bizh subsonis speeds by wonlvivne the



LS

.

woll known Prandil-leuerd sovrestlon. 2 detailed dlswussimm
of ths Prendbl-0leuert sorrosbion ol v sprllostion is

given in 8 papor by Hens end Devinent?,
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